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* # ^ ^ 1M — ¥k-kM ^ft^Jt^L BR ( Organometallic 
polymeric photonic bandgap > ffi^PBG ) • ±.JMfc*fflflf&&&£* 

#7 ( block copolymer - ffi^BCP) &M.'J? ft MX '^Tia 



& - SIX* 1 ?!** : 

This invention relates to an organometallic polymeric photonic bangap 
( OMPBG )material that can be defined by hybrid block copolymer ( BCP ) 
and at least two homopolymers, thereby obtaining an organometallic 
polymeric photonic bandgap hybrid matrial with periodic structure by 
self-assembly, wherein said homopolymers include at least one 
organometallic homoplymer. The improved material has high reflectivity. 
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3& > %tWi$LW ' 

&&*&m$M$\- (pbg) &.&*mittt&#i#ft3&to&*im& 

tt&ffi ' J.^ a a a ^^*c(Lattice Parameter)^ %x&$Lft fa t ' 

£ /§ M(Optical Mutilays Structure) » _L ' *it 

Mm?>\&]£J§ft%Vl PBG » 

ft IS J» ^ &^#7(diblock copolymer - ffi ^4BCP)^ ft $ fr*4&4$L 

^a&m$&ft%&^& m ' t#3&fr+m2L&%mffft*$ ' $*m^% 

^MaS#J'lt^^£ ' 4tBCP^>f«^©^«l±f«](surfactant) • %,-tktfj-]±&j 
' f (amphiphile) • * ^ ^^fl^^ • SI «F t *3 ft #J £^ 

» man* - *Mt4M*#x.,suws*M**fc 

Fal ' &3&fH*£^S^^(rnicrophase separation ) 0 

ma &»ft & m &■ t <^ % ft^-m^ntkft ft * m 



*h&!kmt ' #;!fr*M*BCP& ^.^(self-assembly)^a^^.t.6<j#>fb - 

iL^i^^t^Lg] J&(body-centered cubic packed spheres) - 7^ ^ i%tfk%-% 
(hexagonally packed cylinder) - %Lm^itt$>fa^$£& M*g(OBDD, ordered 
bicontinuous double diamond, or gyroid) > rR#?'JM#(lamellae)^ • 

t^it & ^t,^ ® ^ > 1^ t m m m u & ^ 

mZL^mtl^Mtix ' x = a + /3/T)#Pi>S^^^^bfl,^^f%^^^^ 

m.*-im ' ^4-^ Eitjj&^j Mollis ' ^r^-^xN^f A ^Bi^^^^^ 

##J^:£&^>&#^Ai«^#7(h-A) - >fc#/vA&B^^^^ - >&#^C 
^£^#3 (Cfy%L&fy^nAm.4k&Bm&te&) • &>&#^£ --fSBUft 
5*. ^. ^#7 4o A-b-C i&C-b-D 2r 5*L - A-b-B/h-A#^«t & #J 4&*B 

*(M Ah )#i^a ttm is «t & ^ttimsLfr* *(M Ab ) 

h-A&&>££.A-b-B t Am^m^^mu t ' ffij«/F£A-b-B 
#j*H&^/fcE.^a^^ (macrophase separation) #j Jjl ; # M Ah ~M Ab a^- 
(M Ah /M Ab =l) > h-A#iS#-l-±i^>^>jt m%%A&fr &<&}Am9LfifT : fc f&ttftite 
[ftii^t ' <ah-A^.^^tA «a(&*i*. (microdomain) 4LtM&*sR. ' 
*fc3,#JiM& (dry-brush) ; f M Ah <M Ab flf(M A1 /M Ab < 1) • h-AMiiji^ 



#7 (wet-brush) > m&&Rmfoto&*&nm®W&&&&toZ-M&J&. 
m fi(junction point)S£itMA flfl • it ffir A £-1$ % ^4b 0 

' &jLflkfc*&1ll$.4%m.fr(* a ®k&Q& (lithographic processing) ) 

Thomas et al.ii^-*.** -tt^i: ' Bp^ffl £ffl#f s£*£^4&^ tl k 

£ Thomas # A^200 1 #- ^.2002 #- af # & — iff #«J ffl # H. & & 
^&^F& B a B 3£#^_>SUt#- ' te&tfHk-*^ (4r-Au) &faMb£ 

(ps) 4l m m% blm &^i£fiLj& ' it&-wfo , zfoit%L&z.m 

iSL&AuiSL 51 ' & # ^ Ttff S t Bfc T #r #J JSL Mi & *b h!l * iB *& & «,#PS-Au 
&t&]JGLtt>& (Ad. Mater, 2001. 13. 1783; Macromolecules. 2002. 353 
7561) SJb' ®&-m^%$tfc&&M%^fcn&r$M%\- ' &Mh—fL£r 
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( — ) *f *7fe^t¥- (Waveguide Bends) : MIT #j#/J£^^ Villeneuve |& 
Joannopoulos • Sandia 11 (tj&ft&ft ' *£i&$F3&+#-#) 

Jf • PBGC #44 + ' MtifM&ftftft 90 & • fc^-«Tte# 

PBGC i*i-&ij$fcFMti£ ' Sitb^ a B a ^ti^5tiL^±^PS - gp^T?| 
PS -ft it ' 0 &&<J#7Jl*!r'l4PB.f , J T 7t^7t#^mffl ' *P • 

^jKit^i^att ' ^it^t & it# _t #j a i& & ' am**. 

^&^%kX-%L^-%kVk ' fe7tfttfj%LmM-^&% ° 1998 %-iti®2-ftntl 

ft its # £ a *. 4t 'j^w x pbgc . is.&mt m m » $ * a t • 
wi*«»**»fsr«t4#«j ioo ' it^m?^. = pbgc = 

(— )PBGC tU$.(PBGC fiber) :PBGC 7t.^^^#M.7fe..^.^^7 7fe.ii.1fLit^ 
^ 5 'J A ^# * ft ' # ft #J fci*. * *t f§j *f W (core) » *t ^ (cladding) 

4 £ $'] "fr f ft ± &<J S &%L$tJ&m PH*'J • ffj -jt PBGC fclft t 

^ ' fejfc^jfc^ ILii.it- 1 -ft* iiS'Jjfc^Jfe I* Bf*t*? ?tSffij«t^*ta*. ' 

Eg 1 fcjfc-?-6<j^^nL^ I rti2EiL5i5tt • a**.w3EiL*#*^5f » £■ 

(=.)£-#.#£ : PBGC Ji*fc*|la— *fcfStt«L4?-5t*fefi*'fb ' SfcflUM^ 
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(G9)&>&1S = *^PBGC ft BLM $ ' ft 

& ■ Silt. • bottffi%~fe^(b%fr+&%t?&iam*¥t&%-&'&mi^ 

* ¥ *° &#T $L M ^(Blending) $ ^ -f- & BR £ & 

1fti&m% i YA&*&&fo^tet%&MA-b-Bik^ (b^l|« ' block) • 
£-tA - B&%,&fr*4t&<fo ' : (polystyrene > MPS) 

3K,$.&/£j=.*fr (polyisoprene - ffi^PI) ifc&te^te^^^Hb^ • 

lft i& # ^ ^ Jtj ^ & fli # ft V & Z- it m 4± M # * 

*■ # W ^ % * 41 f 4 b #J ^- & #7 A ' ^ J& ^ % - tfi & % « 
A-C-D-E^ • ^-tAIiJ^5iffl«t^.**^^A ; CJbCl~20^^t^^ 
(alkylene) Xifc J&C^O^t*** (alkenylene) Yi& J!,Cl~204L'^t:&& 
(alkynylene) Zs£&C6~204Ht (arylene) W • * t«W3*/R-?"-t. 
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* ^JM^&ralM^ ; DJ^O, N, Si, P, s^,ch 2 ; E^iT^fe : 
(Ti) • & (Zr) ' (Hf) ' M (V) - ft (Nb) • Is (Ta) • IS- 

(Cr) - l§ (Mo) '^(W) 'tt(Mn) • l£ (Tc) » ^ (Re) 'It 
(Fe) • <T(Ru) 'lft(Os) 'l£(Co) 'lfe(Rh) 'lfc(Ir) • 41 (Ni) ' 
IE (Pd) » la (Pt) >#0(Cu) > «L (Ag) ' £ (Au) • & (Sc) ,5. 

A-C-E^.7F ' ^+A > C > Ei%fS]lfri&l*3S • 

4t7p.£-tA» E#.[S]ifri£i*3;g. ° 

lfri£i3jfcl#;JJM*ll ' EltM-it^T^l^lt : A (Ti) » #8- (Cr) • 
(Mo) ' & (W) • IS. (Mn) » l§ (Tc) • ^ (Re) - Ift (Fe) - 
IT (Ru) »ifc(Os) '4* (Co) -lt(Rh) ♦ ft (Ir) ' m (Ni) ' IE 
(Pd) ■ £6 (Pt) JSL&4t&&i ; E&ikftM&Tnn$3- '■ (Ti) • 
(Cr) • 19 (Mo) «4%(W) ' IK (Fe) > £T (Ru) • Ifc (Os) • ^ 
(Ni) ' m (Pd) • 16 (Pt) SL&ih&fo ' 

#7 (A-b-B) H^^A'ABAM* » *T i &laf**-ia#te*##tt*fel* 
tA » B^A'^M^nlfri&ftS • 
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' — *M#*MlA : B44tb^J>^0.5 : 0.5 ; ji«tj*^4LA : B 
: 0.7 ; =. $fe&;BMLA : B* * tb#] &0.35 : 0.65 • 
;MH^#a^r/S ftfr+Jtfe?&ttW ' 45r#4L-&&£ 15^5000 
nm ' trjJZLMik-k&SO nm^.50000nm • - & fefiL%i^%> 

96.3% • 

A'#*IS*»s^&£*4& (A-b-B) &.^&#jB>&^i&#4L>&#] tit*^ « 

flm>&f']^i^i^(cumene) > f * £3&&fe#4tt^##fc»0M ° 
^t^^^^^l ^ ^ & I* # *4 ^ * «fe W - & 

PS-b-PI/Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN/PI^E^ > ^^ite^t* 

fcfcfrj&98/l/l ' BL^^it96%- 

% m ^ % tik & % ft & -f- * *e. # # ^ * « — & a 

PS-b-PI/(III)Ti-PSn/PI • &*4£4Lt *fcb*J* 76/12/12 » ^Ut^^it 
59.44% • 

4MsMfl # 4& >S ft + Jtfo fifc # 4L If «fe #<J X # & 
PS-b-PI/(PPh 3 ) 2 NiBr-PS /PI *E/fc ' fctfc|J& 76/12/12 - 

•=T it 96.30% • 



1. ^/&(PS)nPPh 2 P(Mw<15000, P.D.K1.3) : 

Bl«*+£^« ' ^o^iif:PPh 2 PCl > *Jfc##j i*Ht ' ;» ftj^>&>& 
*SU*.3. A. f if. t # ft ^(PS)nPPh 2 P>5u« ' «■ ^.iftafc ffl * £ & 
It • 

2. ^ ^.Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN: 

HfTp(PPh 3 ) 2 Ru-C=C(Ph)CHCN^(PS)nPPh 2 P(Mw<15000, P.D.K1.3) 

£ Pfc # & °° jjjjj ^-Bulk stated ± : 

1. «. as 4. & /£ tb 04 ( 4 * tb #J :PS-b-PI 
/Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN /PI & 100/0/0 » 98/1/1 » 
90/5/5 ' 80/10/10 ' 70/15/15 • 60/20/20 A 50/25/25 £. 40/30/30 
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Hi ^ ^ * # PS-b-PI ffl«f^.^^^^^isi$4tb #1 ^ Mj - A 
(Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN >5L PI)^tb#I 4&M tlfti 4 #J 

#i&fNb ' ^.^^PS-b-PI^^.M-^#/J-^^^^& ' P4^#^tb^-J^if 

fflfc#i£m$fc(Optical Microscopy)^ ' I'JMlUdSHr^ 
iMj&^*&tl ' <aA.tt49->i*W*. ' >fe'fli^J^PS-b-PIR^.^-^#;>5L^-^irf 

%PM.$L& *> itbi&H- # -t ^ ^ & > it*3H a^Thomas^- #J *fr 3: 
& 31 ^ ?p itb f&fifrJSLM A Jt ' itt&afl 7tt*tt##£*fcb*'J*f 

-aim^ • *fcfei*&*tfciii8aifr«*#^T*p - # -is 

band) • ibllf 1 tb#J :PS-b-PI/Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN 
/PI Jj, 100/0/0 » 98/1/1 > 70/15/15 » 60/20/20^50/25/251*45/27.5/27.5 ^J. 

^m^.--^7fe,^^ 9 B a^tf4^/ 5 /ri4^^^^#A^75% > &t «98/i/l* 
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fcb*StS*»#L#rt ( Thomas^ A^Hf-*^ 
PS-b-PI ® m A & *4fe H * I s ! 4 * fctfrj -i^ ^(PS^PI) a - £ 

&?']4L#^;fcj!fefiR a B B ** (PS-b-PI/PS/PI) > jM*>*J**Aafc-fcT*-£. 



OCT 


( tttb) 
(PS-b-PI/PS/PI) 


^ A ^ M jft. -ft. 
( Xmax, nm ) 




PBG 


100/0/0 


491 


71 


PBG-1 


70/15/15 


553 


67 


PBG-2 


60/20/20 


573 


63 


PBG-3 


50/25/25 


593 


60 


PBG-4 


45/27.5/27.5 


604 


55 



# W*fcW-1&&^&#tk&M*-&$' : f-&fcfc U ft ( PS-b-PI/ 
Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN /PI > t#fcbW : 98/1/1) &fct 
«tW4L3tfeBRA«t (PS-b-PI/PS/PI » 4#tb#] : 100/0/0) *a tb#* » J£H 
*o $ ^ ® m ' PS-b-PI/ 
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Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN /PI ( & &a ) Z-BLto $ *T i£94% - 
*n § &&#f$L4f4LPS-b-PI/PS /PI ( *&b) £JH#Kit71% • 

1 .^/fc(III)Ti-PSn(Mw=91 59, P.D.I=1 . 1 8): 

^.Z*^^-tt*L/^4te**t*«.3K*tit*W- ' itba^>i^ s BuLi • flfc# 
^Ba^M.^ JIX + ^Ht ' W ClTi(OiPr) 3 » ' J» 

ftj ^ A* f Sft^S ^(III)Ti-PSn $£jR4*7 • jff 4^i& jftife. ffl 

j^M±L#^UijlM^uik stated : 

1 . 4*. a?, ^ gj. ^ tb #-J ( 4 * tb :PS-b-PI/(III)Ti-PSn /PI ^ 100/0/0 - 
97/1.5/1.5 » 80/10/10 • 76/12/12 • 70/15/15 - 60/20/20 A 50/25/25 & 
40/30/30 %fa&)fr#\&&7S.T'&te'&m&ft&&.¥ 0 

^^^ft^ PS-b-PI 13 4*fcbM*-Mj- *£*-f 

(III)Ti-PSn and PI) - # Jt «E & tb 0>j M # m t # 4 #J - ^ & 1$ # *4 $ 
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PS-b-PI 49Lfo&%Lfa ' lM#^fct#Wf^ ' £-£jjt£,;f 

^£JjLifc*#£tef ' jfc*ttfcb^:PS-b-PI/(ni)Ti-PSn /PI 4 

100/0/0 • 76/12/12 • 70/15/15 ' 60/20/20A50/25/25&45/27.5/27.5#3la/&/ s /r 
J*l — «tifcjfel*A«3*JK ' £&te^4*fctWJ!,76/12/12 » #&***"STi* 
96.30% • ia|=.i^^ ° 

l.^&(PPh3)2NiBr-PS (Mw=9592, P.D.I=1.86): 

m ^ :J#^ it % ttt^M-m • i&b^jl^ s buu • 

>S.m Pal #j £ X + ' )&(PPh3)2NiBr2 %^ % & t ' % SfaWfr^tfL ' 
^^^^>^m.^>±-^f #t#i^^ J F-(PPh3)2NiBr-PS * ^4Li& 

£fePK#44&&£#*&&-Bulk: stated : 

1. «LB8.^&Afcb^J($4tb^J:PS-b-PI/(PPh 3 ) 2 NiBr-PS /PI & 100/0/0' 
97/1.5/1.5 > 80/10/10 • 76/12/12 ' 70/15/15 • 60/20/20 3l 50/25/25 & 
40/30/30 *ji^*J^SaT*^*)M(*ft**f*)+ ° 
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@ #J & 3r #j 1^ ' fa itb b^- m 3£ # # #. 0 °o © I. J£ iB Vi £• £, S'J H. & & 

i^^-##J PS-b-PI ffl^^^-^^l^^ r 5 ! 4f:fct#']4L^} — 
(PPh3)2NiBr-PS PI)^&1;& tt^1 #.#r m# A #J-^&&I$#*H4 

ps-b-pi mn#,&%iM^$itfi^t& ' ttwrnnfo ' 

^ ) . & £ 31 * * # 5t 'tt f # # » *b 01 tf tb 
#.]:PS-b-PI/(PPh3)2NiBr-PS/PI & 100/0/0 • 76/12/12 » 70/15/15 » 60/20/20 
iL50/25/25i%45/27.5/27.5^^a^m^.---^7fe > ^P^B 3 Bltr4^ ' 
4 fcb^J ^76/12/12 ' &£.at#Ti£59.44% - *»#eg|l|/^ ° 

1. ^/&(PS)nLi(Mw< 15000, P.D.K1.3) : 

2. ^/£(CO) 5 W[(PS)nPPh 2 P] : 

^(CO) 5 WPPh 2 Cl^(PS) n Li (Mw<15000, P.D.K1.3)THF^^.£^-^ 
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Z^MMM#^ljl i&*l-Bulk stated : 

3. as '4. & ^ tt #4 (f f tb 4H :PS-b-PI /(CO) 5 W[(PS)nPPh 2 P]/PI 
50/25/25 > 33/34/33 > 25/37.5/37.5 $M)^*J*f aT*^*»l(*«^ 

((co) 3 w[(ps)npph 2 p] >5i pi)^ tb 04 ftg m $l # A #j - *d & rr # # & 

(Optical Microscopy)^ & f# ^ 4t fir • A>j It >f J. % tti -fc # #J & >f % & 0 

* jfc w. a a a it 41 m °r*° » * - m *m & & # - m & & «t(*» 

Jfe-^tfj ^/tMMm) ' ^laaj^t-lif 6dfe^(energy band) > 
f f tb :PS-b-PI/(CO) 5 W[(PS)nPPh 2 P] /PI 50/25/25 • 34/33/33 • 
25/37.5/37.5 #.^^.^/r^.-^7t^P^B S a^if#^ • 0f i& /£ & 4t i£ 
60% - 
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%>%5.mtn-K ' # m^^t <Hz-&%>&ft^-jt & m # tem 

Bl • & t ( f..ft^f^^^^^l^t^^(CO) 5 W[(PS)nPPh 2 P] • &&J|,PS 
4a ' S^^PI^i, ^bTEMffl1ta^#a^4^b^^(CO) 5 W[(PS)nPPh 2 P]# 
ll ^ M!^PS4§ t • 
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[BAflUWfJ] 

%-m fob S *»&#r t $ £-^ft iftPS-b-Plffl ffi is] 

4 ft ttm^ - & ^^-(ps^ipi)a - 5t tt^j mhmm% * # - 

$ J«*JL«- ife-feHPS API fcbM Bfl B • 

£^B*.***fcfrI fcfr**lfel****t (PS-b-PI/ 
Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN/PI » ftftfctfcl : 98/1/1) &fcb4fcfrj 
^T^RHJaft (PS-b-PI/PS/PI • ftftfcbfrj : 100/0/0) H5t.^|SJ/v4t>iL-^T4L& 

(PS-b-PI/(III)Ti-PSn /PI • ft ft tb 04 : 76/12/12) fS]^4t^-^T^^^ 

^B ° . 

$ EJ B| #. JS; 4H # ^ 41 * ^ ?t BR # #4 

(PS-b-PI/(PPh 3 ) 2 NiBr-PS/PI • ftftfcbtf'J = 76/12/12) ^ ft^^-feT^L 

|£B#. At*^Iis^**^4 * -f & it RR # *4 
(PS-b-PI/(CO) 5 W[(PS)nPPh 2 P] /PI) 4lTEMB| ° 
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^t^#^?£^£>:«fr (PS ) * ?£J|./£.^ff (PI) &%^mMXZ-1hft^- 

CJbCl~204L#*&^. (alkylene) Xi&JbC 1-204^*^ (alkenylene) 
Y^^Cl~20^L^t^:^- (alkynylene) Z^J^C6~20^-ft (arylene) W - 

D^,0,N, Si, P,S^CH 2 ; 

E^igg T^Wte. : fit (Ti) • ft (Zr) • (Hf) »-ft, (V) • 

ft (Nb) » la (Ta) 'ft(Cr) • ft (Mo) » J* (W) • ft. (Mn) 'ft 
(Tc) 'ft (Re) 'ft(Fe) • £T (Ru) ' ft (Os) - ft (Co) > ft (Rh) ■ 
ft(Ir) 'ft(Ni) 'iE(Pd) 'ft(Pt) 'ft(Cu) » ft. (Ag) • (Au) - 



22 



&L (Sc) JBL&lb&to ° 

iti T?'J#M : fit (Ti) '48-(Cr) «la (Mo) » 4* (W) -li(Mn) > 
(Tc) * ^ (Re) ' IS (Fe) • 4j(Ru) > 4& (Os) » I* (Co) > 
it (Rh) 'fit(Ir) '4*(Ni) ' IE (Pd) » 46 (Pt) A*4b£*4fr • 

i& ST : ik (Ti) >^(Cr) > 49 (Mo) > 46 (W) » 4ft (Fe) . 

IT (Ru) «4ft(Os) «4»(Ni) > & (Pd) » 16 (Pt) XL&ib&to - 

±M t n&lttf} ^ tilths & m i% a A-E ^ » * + A*E#.ftffij£Jt - 
ll.-«^^^r4i^^^^P^## ' £#-<&affl#Pi* 1 *£^ (A-b-B) ft 

AA f 4L#*«Haift#ife^A*lS] • . 

^.^^M. ' £ + 7fri£i&WteM*J|tA : B4L**fcb**£0.5 : 0.5 - 
m%*h%$k ' *t^iCia^'I±^^tA : B^4#tb#j^0.3 : 0.7 - 
4M#;ft$ft. ' ***mia*8'|±4tMft*A : B^t*tU*J*0.35 : 0.65 • 
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i5.*i ^n^nim^im^nmm^^m^M^^^-^t^m^'^^ 

MZ-~k%.%> 155.5000 nm - ahJSLto&L-fcbSO nm5.50000nm » SLtt^Afc 
50% • 

$t « 

W#£4^'&l8fl»5$.&£^4*7 (A-b-B) &^fc4frB$£;fci§tf^$&#J 

^ifri&A * BAA'^Mf&^l^/fr^^llMal 5 ] ° 
1 9. *a ^ tf JM'J le, S £ 1 7 Jl mife^-* ^4r4 A ^ -f" it fifc H *4 ^ $1 it 1T & ' 

^PS-b-PI/Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN /PI&L/& • 
2\.fr^%^^Miim%20^^^^m i ^^^ / ^^-^titWM^ • * 

PS-b-PI/Tp(PPh 3 )[(PS)nPPh 2 P]Ru-C=C(Ph)CHCN /PI^ t * fcbfrj & 98/1/1 - 

22AoiF^M-M$im^im^nsM^^^m^M^^^^mnm^^ 

£PS-b-PI/(III)Ti-PSn/PI*a/fc - 
PS-b-PI/(III)Ti-PSn /PI tb#'J ^76/12/12 - 
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d?PS-b-PI/(PPh 3 ) 2 NiBr-PS/PIfci./fc • 
PS-b-PI/(PPh3)2NiBr-PS /Pl^t * fctfr]£ 76/12/1 2 - 
&PS-b-PI/(CO) 5 W[(PS)nPPh 2 P] /PI&L/fc • 
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